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Description 

The present invention relates to a high-strength joined parts of Ni-Ti alloys, in particular, Ni-Ti alloys connponent 
having shape memory characteristic or superelasticity characteristic with different metals or different alloys and a join- 
5 Ing method therefor. 

The shape memory effect and the super^asticity effect aforementioned both result from so-called thermal elastic 
form h4artensitic transformalion whh small transformation hysteresis, and the shape memory effect is a phenomenon 
wherein the deformation In the Martensite temperature range returns to the original shape when heating above a tem- 
perature of Martensrte inverse transformation (Austenite transformation). On the oither hand, the superelasticity effect 
10 is a phenomenon wherein a material deformed in the Austenite temperature range recovers elastically as much as 8 % 
deformation strain as a rubber even without the heating as above by the strees^induoed Martensite transformalion 
accompanied with deformation. 

As a material put into the most advanced practice eutiong the materials exhOsiting such shape memory and supere- 
lasticity effects, there is Ni-TI alloys. Products actually applied and put the shape memory effect Into practice with this 
75 Ni-Ti alloys include blowing-out port of air controller, pressure-regulating valve of rice-cooking jar. medical bone plate, 
etc. Also, products applied and put the superelasticity effect into practice include orthodontic wire, cup wire of brassiere, 
spectacle frame, medical guide wire, etc. 

Further, at present, the development of surrounding technologies is also being progressed accompanying with 
such practical uses. One thereanx^ng is a joining technique of Ni-Ti alloys with different metals. 
20 The Ni-Tl alloys is a specific alloy having the ductility while being an intermetallic compound. The composition 
range is In the vicinity of a ratio of Nl to Tl being 1 :1 in terms of atomic ratio or in an extremely narrow range added with 
very small amount of particular metal thereto, and. rf this ratio shifts slighUy, it becomes brittle rapidly. Moreover, since 
this alloy has high activity, it reacts easily with n^ny metals such as Fe, Cu and Ni to produce a brittle reaction phase. 
The production of this reaction phase Is making the welding and soldering of NI-71 alloys with different metals material 
25 difficult. 

Conventionaily. with respect to the joining of Ni-Ti alloys, Ni-Ti alloys can be easily joined between themselves t>y 
fusion welding methods such as laser welding. TIG welding and electronic beam welding or by pressure welding meth- 
ods such as upset butt welding, flash butt welding and friction pressure welding, and. thereamong, it is known that the 
upset butt welding is supertor In the point of strength. 

30 However, such technique that Ni-Ti alloys and different metals other than said alloy are directly welded in high 
strength has not been known. This is originated from that, because of high activity of Ni-Ti alloys, it reacts easily with 
Fe, Cu. Ni, etc. being mating metals, at the time of healing for welding to end up to produce a brittle reaction phase. 
Whatever welding methods aforementioned might be used, therefore, the brittle reaction phase was produced in the 
joined area making it impossible to obtain the strength endurable tor practical use. 

SB For this reason, the direct welding of Ni-Ti alloys with different metals has been said to be impossible. There, fol- 
lowing two methods have been adopted In the conventional joining techniques. 

One of them is mechanical joining method. This Is a method for joining by such means as to crimp with rivets etc. 
and to fasten with screw, which had however the defects that the joined parts became large and the looseness was 
caused by repeated actions. 

40 Moreover, other one method is plaling/Ssoldering method. This is a method, wherein the joining face of Ni-Ti alloys 
conponent is plated beforehand with easily solderable metal. e.g. nlcksl. copper alloy or the like, and the soldering with 
mating component is performed thn^ugh this plating, thereby preventing the reaction between Ni-Ti alloys and fusible 
metal being a brazing material and achieving a stabilized Joint strength. Because of the dependence of joint strength on 
the acfliesive strength of plating, however, joining of positions to be highly stressed was impossible. 

4S The Invention was made In view of the praWenris as above, and discloses a joining method for firmly joining both 
components withoLrt damaging said characteristics of NI-TI alloys by rationally treating the brittle reaction phase pro- 
duced on fusing, when direaiy joining a conponent comprising Ni-Ti alloys with a component comprising different met- 
als or different alloys by welding, and a joined parts obtained by such method. 

50 SUMMARY OF THE INVENTION 

The methods for joining components are defined in claims 1-4 and the joined structure is defined in claims 5-7. 

The joined parts of Ni-TI alloys with different metals of the Invention has Joined Irrterfadal parts of Ni-TI alloys with 
different metals other than said alloy, comprising a mett forged structure obtained through the reactive fusion due to the 
55 fusion of at least one metal bordering on said Joined interface and the application of pressure, and a hot forged structure 
of Ni-Ti alloys obtained by softening said alloy at high temperature and applying pressure on the side of Ni-Tl alloys and 
a hot forged structure of said different metals obtained by softening said metal at h^h temperature and applying pres- 
sure on the side of different metals across said mett forged structure. 
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And, at thi& time, it is effective that tfie shape memory alloy or ihe euperelaslidty alloy comprising 40 - 60 at % Ni- 
Ti alloy or Ni-Ti alloy substituted a pcul of Ni or Ti in this Ni-Ti alloy with one Kind or two or more kinds of Fe, Cr. Al, V, 
Pd, Ag, Mn, Mg. Co. Nbi Mo and Cu in a range of not exceeding 20 at % In total amount is used as a Ni-Ti type alloy, 
and. if using any of simple metals of Ni. Ti. Cu and Fe, Ni-based alloy. Ti-t}ased alloy. Fe-based alloy and Cu-based alloy 

5 as a different metals, large effect can be obtained. 

Moreover, in the joining method of the invention the joining faces of Ni-Ti alloys component and different metals 
component are contacted one another upon joining both components, a melt forged structure obtainable through the 
reactive fusion of said both components and the application of pressure is formed on the joining interface by heating the 
joining parts to a fusion temperature of either one of components in short time thus reactively fusing this locally and sof- 

10 tening both components in the area kx>rdering on that fused area at high temperature and by simultaneously applying 
high pressure to the joining parts through both components for compressive processing, and further a hot forged struc- 
ture of Ni-Ti alloys obtainable by softening Ni-Ti aDpys component at high temperature and by applying pressure is 
formed on the side of said component and a hot forged structure of different metais obtainable by softening different 
metals componerrt st high temperature and by applying pressure is formed on the side of said component across said 

15 melt forged structure. 

Furthermore, other joining method of the invention comprises forming a thrust-out portion with forged structure 
around the outer circumference of Joining Interface by conpressing the joined parts with a pressure of not less than 2 
Kg/him^ through txAh components thus thrusting out said reactively fused area from joined interface to outside in the 
joining method aforementioned, and, at this time, it Is effective to cut off the thrust^ut portion and to finish by polishing. 
20 Still more, other joining method of the invention is implemenrting a joining method that heat-radialing portions con- 
sisting of high heat-conductive material are attached to the side of Ni-Tl alloys component and the side of different met- 
als component in the neighborhood of joining faces and said reactively fuced product thrust out to outside Is solidified 
under rapid cooling by contacting it with said heat-radiating portiona 

ss BRIEF DESCRIPTION OF THE DRAWING 

Fig. 1 is an illustration diagram showing a device used for the joining method of the invention. Fig. 2 is a sectional 
view showing the joined parts by the joining method of the invention, Fig, 3 is a sectional view showing the joined parts 
by the comparative joining method. Rg. 4 Is a photograph of metal structure (magnification: 17 times) showing the 

30 joined parts of 51 .0 at % Ni-Ti with 87 wt % Ni - 1 3 wt % Cr joined by the joining method of the invention, Fig. 5 is a 
photograph of metal structure (magnification: 1500 times) enlarged the joined parts in Fig. 4. Fig. 6 is an enlarged pho- 
tograph of metal structure (magnification: 700 times) showing the hot forged structure of 51.0 at % Ni-Ti alloy in the 
joined parts of Fig. 4. Fig. 7 is an enlarged photograph of metal structure (magnification: 700 times) showing the base 
material structure of 51.0 at % NI-TI alloy In the neighborhood of joined area of Fig. 4. Fig. 8 is a photograph of metal 

ss structure (magnification: 1 7 times) showing the joined parts of 51 .0 at % Ni-Ti with 87 wt % Ni - 1 3 wt % Cr joined by 
the comparative joining method, Fig, 9 Is an illustration diagram of metal structure showing the joined parts when joined 
51 .0 at % Ni-Ti with 80 wt % Ni - 20 wt % Cr by the conventional upset butt welding. Fig. 10 is an illustration diagram 
showing the joining test used in Example 3, and Fig. 1 1 is a sectional view showing ttie joined parts in the Joining test 
Of Example 3. 

40 

DETAILED DESCRIPTION OF THE INVENTION 

As described, in the invention, a layer consisting of melt forged structure of NI-TI alloys and different metals was 
formed at the joining interface and, across this, layers of hot forged structure of each metal were formed as a constitu- 

4S tion of the joined parts of both metals. At ttiis time, the melt forged structure Implies a metal structure that was solidrfiad 
In the state of the pressurizing force having been transmitted to the melt by applying the pressure to the joining Interface 
simultaneously at the lime when said either metal material was fused at this joining interface or coniinuousty from the 
time before it was fused. And, this melt forged structure is preferat)le to be formed in athlckness of not more than about 
20 \m over the whole joining interface. Hence, the melt produced by the local heating at the joining interface is sufficient 

so to be In short time and In very small amount and. in the Invention, the pressurizing force Is appGed to that slightiy pro- 
duced melt to solidify, thereby obtaining a thin layered melt forged structure. 

However, when the fused phase is caused in large amount or brittle reactively fused phase of Ni-Ti alloys and dif- 
ferent metals Is produced depending on the healing conditions etc. at the joining interfaclal parts, the strength of the 
joined parts ends up to decrease. For example, v^en the end faces of 51 .0 at % Ni-Ti alloy wire and 80 wt % Ni - 20 wt 

55 % Cr alloy wire were butted one another to perform the conventional upset butt welding, ft was made sure that two Mnds 
of brittle phases of a forged structure (9) consisting of fused reaction phase remaining at the joining interface and 
around Hs outer circumferential area and a diffused layer (10) between liquid phase and solid phase produced ttirough 
the reaction between tiie fused product forced out to the outside of Joined parts and the surface of NI-TI aDoy component 
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fbrged structure is formed't^ ^KrZ n^^^^^S^X^ ^ « ^ melt 

fyina this. Further. since thepressurizing X is 2 sira^^^clS' T T^"^ "^^^ 
Of melt forged structure, the hot forged' Sr^JJ^^SSn^t; ^^^TT^"^'^ °" 
w joined Interface. '"^^ P^w^nting the stress concerrtratfon at the 

Moreover, for said brittle diffused layer, it is important to suDoress the malt nr«*iroH ^ .k^ • • ^ 
minimum amount thus minimizing the melt thrust o^AO^u^^^^^ ^ produced at the loining interface to a 

venting the p^xluction 01 britae dML^SL^ HeSl^S^^^ 

local. Even when the produrton 3of mSis ^in^I^^ of Joining parts was restricted to short Hme and to be 
ductlve material are atech^b^^«H^1ll ^®a'-™*ating portions consisting ol high heat^on- 

in the neiit:;^,ocJi ome^^^^^^ ^ -^'-^ the side of d«Srent ^ 

Jdnino Intertace can be rapidly soS hror^lT^ ST^ Z ^^^"^ of melt thrust out to the outside of 
-•.h melt Particularly, i, Sh ^^^SirpoT.for;L?^^^ 'VPe alloy, 

one another so as the thrust-out melt to be ^ediaielv c~^t^!^^',^\ ^ *° '"«erfac«» 

ooo:g":krcr"rare^ sssrinir si^T'^r^ -^-'^ ^-^ 

appVng the pressure to the jo!ningTrS.Sce ° ^ "~ not to shift when 

sls«n?S'a^r;2e^r"2S:r^^^^^^^^^ 
30 radiating holders with water, llqS gi elc "^"^^ «»n be obtained If forcedly cooling said heat- 

Besides, since said melt thrust out to the outside of ooTOonanfsteBniWHi-H or™. • . • . ^ 
the thrust-out portion having normal forged e\nxb^ hi^^^^^Z!r^ ^J^°^ '"^^^ ^ *°rms 

the surface by polishing aftJrcut^Sdlr^^^^^ 

ss .ionSr!S;2riLT^^^^^ 

characterlsfic due to the Influence of Se^Hn S5 areJSier thJS Je^n^^;^ characteristic and the super-elasticity 
said heat^adiating holders is further making m!,reT«Si!S, pro»>nt^. but the provfston of 

In following, the invention wlU be Illustrated based on Itia exanples. 
Exanplel 

exp Ji^r ::felXcf2' (2) as shown in Fig. 1 . following 

TD ^t:^Z"7n:ZS':T^^^^ «> - comprising (51 .0 a, % Ni - balance 

thecompositions Of which arrsho^n^StelT^^^ 
Chromium alloy asheat-rada^^SrJS'^l;:^ 
superebsncity wire and differed metarw^etrprSu^^o 20 
device (6). and. in this state, selecting an optimal ^^^^ZZ^^^i:^ ^ - ° ^ ^""^ 
ence of physical properties ea^meta? S^ir^ It h^rZT t^.^^®" ^ ^ depending on the differ- 
parative joining 4mod, the P-SrSSTC^^^^S^^^^^ 

oondlUons except the pressurizing force oecreased to 1.5 l«g/mm^ for loining both wires under the same 
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having nol less than 30 kn/mm^ and I«sb si ■ ® > a specimen 

Table 1 



Different metals (wt %) 


Pressurizing force on joining (kg/mm^) 


PlatingABoldering 
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30 
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4S 



mat:S;rN^ra?c?Sr.?a?^ i<""«- ^^^'-^^Cr Wire as a a«.i„o 

shown in Rg. 4 andFig 5 aril DhotoSS,^ ^1"^ ^ " Fessurizing force of 20 KgW are 

forged6tructure{13)of87Ni-13Crontheoth^8!deS?SmS ^^^^^^^^ "^^^^ 
Example 2 

Example 3 

FoOoiMng experiments were performed with the welder shown In Ra 1 
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Ibrged struLe cin^risingl^dTS*':;, Sc^JSI^n^^^^ therebenveen. said melt 

thrlit-oiil portion (H?^ '"'"-"O '«<^« thereby forming a 

J^jinina^meth^ acoooiinfl .o one of Cairns 2 and 3. wherein said ttirust^ut portior, (M) is cut off and finisf,ed 
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or mere kinds o\ Fe. Cr. Al. V. Pd. Ag. Mn. Mg. Co. Nb. Mo and Cu in a range oJ not exceeding 20 at % in total 
amount 

7. -me joined structure according to daim 5. wherein the different metal is any of Ni, Ti. Cu, Fe. Ni-based alloy Ti- 
based alloy, Fe-based alloy and Cu-basad alloy. 

Patentanspriiche 

1 . Verfahren zum Verbindung einer Komponerrte aus einer Ni-Ti-Legierung mit einer Kbmponente aus einem anderen 
Metall mit der SchrWen dee Kontaktierens der Verbindungsf Ifichen der zu vafbindenden Telle der Komponenta aus 
der Ni-Ti-Legierung und der Komponerrte aus dem anderen MetaD und des Pressens der Vertjindungsfiachen 
gegeneinander sowie des ErhHzens der zu veibindenden Telle auf die Verechmelrtemperalur einer der Kbmponen- 
ten m ku«er Zeit, um auf diese Weise OrtOch einen reaktiv verschmolzenen Abschnitt zu erzeugen dadurch 
gekennzeichnet, daB das Verfahren den weiteren Schritt das Erweichens beider Konponenten in den an den reak- 
tiv verschmolzenen Abechnitt grenzenden Teilen bei hoher Temperatur und des gleichzeitigen weiteren Pressens 
der zu vertMndenden Teile gegeneinander unter hohem Druck aufweist. um auf diese Weise heiBgeechmiedete 
Strukturen (12. 13) in den angrenzenden Teilen mit einer dOnnschlchtlgen schmetegeschmledeten Struklur (11) 
dazwiachen. die den reaktiv verschmolzenen Abechnitt umfal3t auazubiUen. 

20 2. Veitindungsverfahren nach Anspruch 1 . bei dem die zu vertMndenden Teile mil einem Druck von nicht weniger als 
2 KaAnm^ beaufschlagt werdea um auf dieee Weise den reaktiv verschmolzenen Abschnitt von den Verbindunos- 
flftchen nach aufien zu drOcken und auf diese Weise einen herausgedrOcWen Abschnitt (M) zu bilden. 

3. Veitindungsverfahren nach Anspruch 2. bei dem die Komponenten durch wftrmeabslrahlende Halter (5) in der 
2S iMachbarechaft der Veitoindungsf lachen gehalten wenden. wobei diese Halter den von den Vert>indung8f lachen her- 

ausgedrOckten reaktiv verschmolzenen Abschnitt kontaktleren und auf diese Weise eine rasche Verfestlgung her- 
beifOhren und gleichzeitig die schmelzgeschmiedete Struktur ausWIden. 

4. VeifoindungsverlBhren nach einem der AnsprOche 2 und 3. bei dem der herausgedrtlckte Abschnitt (M) abgetrennt 
30 und durch Polierenendbeart>eitet Wild. 

6. Veibuidene Struktur aus einer Komponente einer Ni.Ti^.egierung und einer Kbmponente eines anderen Metalls 
die heiOgeschmiedete Strukturen (12. 13) an Jeder der Komponenten, die durch das Verfahren gemaS einem dw 
AnsprOche 1 bis 4 hergastellt wurden, und eine dOnnGchlchtlge sdimslzgeschmiedete Struktur (11) die aftian 
reaktiv verBchiTiolzenen VeitindungsabschnitI der Ni-TI-l^iening und der Kbmponente des anderen Metalls zwi- 
schen den heiBgeschmiedaten Strukturen umfaBf, aufweist, 

>tobundene Struktur nach Anspruch 5. bei der die Ni-71-Ugierung eine Legierung mit FormarinnerungsvermOoen 
Oder eine Legierung mil Superelastizitat ist. welche eine 40 - 60 % Ni-ThLegierung oder Ni-Ti-Legierung umfaBt 
wo«». eui Teil des Ni oder Ti in dieser Ni-Ti^^erung durch ein. zwei Oder mehr der nachfdgenden Elemente Fe! 
cr. Al. V, Pd, Ag. Mn. Mg. Ca Nb. Mo und Cu erselzt Ist. und zwar in einem Berelch. der insgasami ZO % nIcht Ober- 
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Veibundene Struktur nach Anspruch 5. bei der das andere Metall Ni, Ti, Cu, Fe, eine Legierung auf Ni-Basis eine 
L«glerung auf Ti-Basis, eine Legierung auf Fe-Basis Oder aine Legierung auf Cu-Basis ist. 



Revmdlcatlons 



Proc6d6 d assemblage d un 6l6ment d'alliage de Ni-Ti et d^n 6l6ment d^un mdtal diH6rent, comprenani des stapes 
? "T.!."^?"^'^ ^'^ d assemWage des pidcas & assembler de I'6l6ment d'alliage de Ni-Ti et de r6l6ment 
de mdtal ditf6rent. I'appiication d'une pression aux faces d'assemblage I'une vers rautre et le chauffage dee pieces 
tfasaembtege d une temperature de fusion de I'un des 6l6ments pendant un temps court avec production locale 
^^iKJ^"?? H^' ^ ^ «"»°»6rls6 par une 6tape suppl6mentalre de 

ramonissement des deux 6l6ment6 dans lee parties de bordure de la partie form6e par fu8k>n rtactive A tempera- 
ture eiev6e, et par une compression suppl6mentaire slnultande des pitees d'assemblage l^ne centre I'autre avec 
une pression 6lev6e, pour la formation de structures foigees d chaud (12. 13) dans les parties de borture avec 
une stmclure forgde k r6tat fondu (11) sous forme diune mince oouche plac6e antra elte. la structure fcJoJeA 
I eiat tondu oontenant la partie formda par fusion rtecUva 
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Proc6d6 d'assemblage selon la revendicalion 1, dans lequel Ie8 parties d'assemblage sont comprim6es avec une 
pression qui n'est pas inf6rieure d 2 kg/mm^ (2.10^ Pa) si bien que la partie form6e par fusion reactive est chass^e 
k raxt^rieur des faces d'assemblage, avec formalson d'une partie (M) qui est chass6e k l*eoct6rieur. 

Proc6d6 d'assemblage selon ta revendicatlon 2, dans lequel lesdhs 6l6marls sort mairtenus par das supports de 
ri^nnement de chaleur (5) au voisinage des faces d*a66enrt)tage. les supports torn au contact de la partie for- 
m6e par fusion reactive et chass^es vers I'extdrieur des faces d*asseni)lage. avec ainsl solidilication raplde et for- 
mation simuhan^e de la structure I6rg6e k I'^tal fbndu. 

Proc6d6 d'assemblage selon I'une des revendicatlons 2 et 3. dans lequel la partie (M) qui est chass^e vers I'ext6- 
rieur eet couple et subit une f inition par polissage. 

Structure assembl^e d'un 4l6ment d'alliage de Ni-Ti et d'un didment d'un m6tal different, la structure assemblde 
ayanl des structures forg6es k chaud (12. 13) sur chacun des 6l6ments, produces par le proc6d6 selon I'une des 
revendicalions 1 ^ 4, et une structure forg6e k I'dtat fondu (1 1) sous forme d'une couche mince comprenant une 
partie d'assemblage form^e par fusion reactive de I'alliage de Ni-Tl et de r6l6ment de mdtal diff6rent entre lee 
structures forgoes k chaud. 

Structure assembl6e selon la revendication 5. dans laquelle I'alliage de Ni-Ti est un alliage de Ni-Ti oontenanl 40 
k 60 atomes % de nickel ou un alliage de Ni-Ti dans lequel une partie du nickel ou du titane de I'alliage est rempia- 
c6e par un ou deux m6lBux ou plus choisis parmi Fe, Cr, Al. V. Pd. Ag. Mn, Mg, Co, Nb. Mo et Cu. en quantity ne 
d6passant pas 20 atomes % de la quantity totale. 

Structure assembl6e selon la revendication 5. dans laquelie le mtol dlff^ent est cholsl parmi le nickel, le Iftane. le 
cuivre. le fer, un alliage k base de nickel, un alliage k base de titane, un alliage k base de fer ou un alGaoe k base 
de cuivre. 
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87Ni-l3Cr 



F i g . 5 




11 



12 



g . 7 



14 



BEST AVAILABLE COPY 



EP0508 414B1 



F i g . 8 



5INi-49Ti 
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